Numerical Evaluation of Heat Recovery Performance of a Switchable Exhaust Air Window  by Zhang, Chong et al.
1876-6102 © 2016 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the organizing committee of CUE 2015
doi: 10.1016/j.egypro.2016.06.056 
 Energy Procedia  88 ( 2016 )  738 – 741 
ScienceDirect
CUE2015-Applied Energy Symposium and Summit 2015: Low carbon cities and urban 
energy systems 
Numerical evaluation of heat recovery performance of a 
switchable exhaust air window 
Chong Zhanga, Kuang Chenga, Jinbo Wanga,*, Xinhua Xua 
aSchool of Environmental Science and Engineering, Huazhong University of Science and Technology, Wuhan,430074, China 
Abstract 
Switchable exhaust air (SEA) window allows the exhaust air from HVAC system to be ventilated through the cavity 
of the window to ambient. It can be regarded as an exhaust air heat recovery device in buildings. The annual energy 
requirement of the window has been calculated in Wuhan, China. The energy requirements for conditioning fresh air 
with and without the total heat recovery ventilators (THRVs) are also investigated. Heat recovery performance of the 
SEA window and the THRVs is compared. Results show that the SEA window can potentially provide alternative 
solution for recovering the low-grade energy from air-conditioning exhaust air.  
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1. Introduction 
Exhaust air window is an active insulation technology and can also be regarded as an exhaust air heat 
recovery device for building energy efficiency [1]. Such a window allows the exhaust air of the 
conditioned space to be ventilated through the cavity of a double glazing pane to ambient. Part of the 
heat/coolth of the exhaust air can be reclaimed and utilized to restrict the heat transmitted through the 
window. Previous studies show that the exhaust air windows have a great potential to achieve building 
energy efficiency and to enhance the thermal comfort of building occupants [2]. Switchable exhaust air 
(SEA) window [3,4] is a novel triple glazing exhaust air window integrated with between-glass venetian 
blinds, which can significantly reduce the heat loss/gain through the window during both heating and 
cooling seasons. Similar philosophy can be found in the active ventilated double skin façade (DSF) [5], 
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the interlayer ventilation wall [6], and hollow block ventilated wall [7, 8]. All these technologies can be 
regarded as exhaust air heat recovery units for building energy efficiency.  
In current engineering cases, however, exhaust air may be run through a heat recovery ventilator before 
being discharged to outdoor environment. The use of the SEA window means to a reduction in the heat 
that can be recovered in a traditional heat exchanger. Comparison of heat recovery performance between 
the exhaust air window and the traditional heat recovery ventilators are needed. In this paper, our effort is 
to further investigate the annual heat recovery performance of the SEA window in both cooling and 
heating seasons. The heat recovery performances of total heat recovery ventilators (THRVs) are also 
analyzed for comparison purpose. This paper may provide guide under which season such an SEA 
window can be used. 
2. Modeling the switchable exhaust air window 
Two-dimensional zonal model is used to evaluate the thermal performance of the SEA window. In our 
previous works [4], the model has been validated by comparing the simulation results with the 
experimental data from published literature by Jiru and Haghighat [9]. Due to the limited space available, 
this paper does not present the modeling process. More detailed description about the numerical modeling 
of the SEA window can be found in Ref. [3, 4].   
3. Energy requirement for fresh air 
Energy requirement for conditioning fresh air is determined by both the indoor set point of air state and 
the outdoor air state. In this study, heating set point is 20 oC and 50% relative humidity (RH), and cooling 
set point is 25 oC and 55% RH. The year-round outdoor air conditions are obtained from typical 
meteorological year (TMY) data in China standard weather data for building simulation. The energy 
consumption of fresh air need not be considered in winter whenever the outdoor air temperature is higher 
than 18 oC and in summer whenever the outdoor air temperature is lower than 27 oC. The energy 
requirement for conditioning fresh air with and without heat recovery ventilator can be calculated by [10]: 
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where ρ is the density of air; Cp is the specific heat of air; L is the latent heat vaporization of water; ti 
and te,τ are the temperature of indoor and outdoor air, respectively; di and de,τ are the humidity ratio of 
indoor and outdoor air, respectively; τ is the time of the working hours (from 8:00 to 20:00 every day); εl 
and εs are the efficiency of latent heat recovery and sensible heat recovery. εl and εs are supposed to be 
70% and 55%, respectively. The additional pressure drop caused by heat recovery device will increase 
ventilation fan power. In this study, the additional energy requirement for the ventilation fan is taken into 
account. Calculation of additional fan power for the THRVs can be found in Ref. [11].  
4. Performance evaluation and discussion 
To compare the heat recovery performance of SEA window and THRVs, the annual energy 
requirements of following three cases were calculated for comparison purpose. Case 1: SEA window 
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without THRVs; case 2: conventional double glazing window with THRVs; case 3: conventional double 
glazing window without THRVs. Annual energy requirement (QA) of the above mentioned three cases is 
composed of three components, including the energy requirement for fresh air (Qair), additional fan power 
(Qfan), and window (Qw). Evaluation is carried out for the working hours at Wuhan city from 8:00 to 20:00 
per day. The fresh air rate equals the exhaust airflow rate through the SEA window and is 21.6m3/h for all 
three cases. This rate corresponds to an airflow velocity of 0.2 m/s for a south-facing window sized 
2m×2m.    
 
Fig.1 Monthly energy requirements for three cases in Wuhan 
Table 1 Annual energy requirement for cooling 
Cases 
Cooling requirements (MJ) 
Fresh air Fan Window Total 
Case 1 686.4 0 570.2 1356.6 
Case 2 325.1 43.5 1985.3 2353.9 
Case 3 686.4 0 1985.3 2771.7 
Fig.1 shows the monthly energy requirements for three cases in Wuhan. It can be found that cooling is 
required for three cases from April to November and heating from October to May. The case 2 with 
THRVs requires the least energy for heating. The heating energy requirement by case 1 with SEA 
window is slightly more than that by case 2. The difference of heating requirement is relatively small 
among the three cases. In cooling season, the case 1 with SEA window performs much better than the 
other two. The case 1 benefits from the high performance SEA window. 
Table 2 Annual energy requirement for heating 
Cases 
Heating requirements (MJ) 
Fresh air Fan Window Total 
Case 1 941.9 0 361.9 1303.8 
Case 2 331.1 63.9 702.9 1097.9 
Case 3 941.9 0 702.9 1644.8 
In the cooling season, the case with the SEA window requires the least total energy requirement, as 
shown in Table 1. Compared to the case 2 and 3, the case 1 reduces the annual cooling requirement with 
corresponding percentage reductions of 42.4% and 51%, respectively. The cooling requirement for 
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window equals a significant portion of the total requirement. The SEA window in case 1 can effectively 
reduce the energy demand for cooling, compared to the conventional double glazing window in case 2 
and 3.  
In heating season, as shown in Table 2, the case 1 with SEA window performs much better than the 
case 3, but is still inferior to the case 2 with THRVs. Annual heating requirement of case 3 is 1644.8 MJ. 
The case 1 and case 2 reduce this value to 1303.8 MJ and 1097.9 MJ, a percentage reduction of 20.7% 
and 33.3%, respectively. In heating season, the energy requirement for conditioning fresh air contributes a 
main portion of the total requirement, because the temperature difference between indoor and outdoor air 
is relatively high. 
5. Conclusions 
The above results demonstrate that the SEA window performs much better in cooling season than that 
in heating season. The promising performance of the SEA window is resulted from the out-flowing 
exhaust air. Such a window can be recommended in the cooling season, but its heat recovery performance 
is limited and inferior to the traditional total heat recovery ventilators in heating season. The SEA window 
can potentially contribute to urban energy saving and this window structure provide alternative solution 
for recovering the low-grade energy from air-conditioning exhaust air.  
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